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SUMMARY 

As part of a trassbnic  research program, a series of 6 s  are 
being  investigated in the  W e y  high-peed 7- by l b f o o t  tunnel over 
a Mach  number rasge of about 0.60 to 1.18 by use of the tranemic- 
bump t e s t  techniqus. In order t o  study the effects of wing geometq on 
the wing-elone and wing-fuselage langitud.i?+ S t a b i l i t y  characteristics, 
the  same'fuselage is-being used f o r  all wings tested i n  this series. 

Thia paper.  presents the resulte 'of the investigation of a ' 

alone and a wing-fueelage configuraticm employing a wing w i t h  the  
quarrter-chord line swept back 450, aspect r a t i o  6 ,  taper ratio 0.6, 
and an IUCA 65~006 airPoi l  sectian. Lift, drag, pitching momeat, and 
r o o t  bending mament were obtained f o r  these configurations. Ih addi- 
t ion,  effective dmwaah angles and dgnamic-pressure characteristic8 in 
the region of the tail plase were also obtalned for them  configurations 
and axe presented fo r  a range of tail heights at m e  t a i l  length. fh 
order t o  e rpedih  the publishing of these data, only  a brief analysis 
is included. 

A series of wings are  being  investigated in t he  Langley high- 
speed 7- by 10-f bot  tunnel in order t o  study the  effects of wing 
geometry on the wing-elone and wlng-fuselage longitudinal.  stability 
characteristics at transonic speeds. The same f'uselage is being  used 
f o r  all  wing^ tested in th i s  series. A Mach number range between 0.60 
an& 1.18 i8  obtained by use of the transonic4ump  technique. 
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This paper presents the result8 of the  investigation of the wing-  
alone atld wing-fuselage configurations employing a win@; wfth the q u a r t e r  
chord line swept  back 450, aspect r a t io  6, taper r a t i o  0.6, and an 
NACA 65~006 airfoi l   sect ion para l le l  to the strean. Wevious data 
published i n  this serles f o r  wings incorporating 45O sweepback can be 
obtained in  references 1 asd 2. 
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c 
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The wing of the semispan model had 45O of meepback referred t o  
the  qumtez-chord line, aspect r a t i o  6 ,  taper r a t i o  0.6, and an 
mC.A 65~006 a i r f o i l  section parallel t o  the free stream. A two--view 
drawing of the model is presented i n  figure 1, eSa ordinates of the 
fuselago of flneness r a t i o  10 are  given in table I. The wing was made 
09 s t ee l  and the fuselage of brass. 

I 

The model was mounted on an electr ical  strain*@ balance which 
was enclosed in  the b q .  The lift, drag, pitching moment, and bending 
moment were measured with a strain-gage  ‘balance. 

Effective dowarash sngles were determined for a range of t a i l  
heights by me-ing the floating angles of five  geametrically 8Fmilar 
free-floating tails with  the  aid of calibrated  slide-wire  potenti- 
ometers. Details of the  f l o a t i n g  tails are shown in  figures 2 and 3, 
and a photograph of the model on the bump with three of t h e  floating 
tails is @Ten as figure 4. The tails used in this  investigation were 
the same as those used in references 1 and 2.- A cutawag  view of the 
epmge-wiper s e a l  installed on the model i s  sham in figure 5. 

A total-pressure rake was used t o  determine point dynamic-pressure 
ratios for a range of t a i l  heights in a plane which contained t h e  
25”percent me-erodynemi+chord point of the free-floating  tails. 
The total-pressure  tube8 ware spaced 1/8 inch apart near the w i n g  chord 
line extended asd 1/4 inch  apart elsewhere. 
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b e n d w m e n t  coefficient at plane of symmetry 

effective dpamfc pressure mer span of model, pounds 

average chordxise local dynamic presmre, pounda per 
squsse foot  

mean aerodynamic chord of tail 

local wing chord 

twice span of Barnispan model 

apanwise distance frcan plane of -qmmetry 

air density, slugs per cubic foot- 

free-atresm velocity, feet per aeccmd 

effective &ch number over span of model 

local Mach number 

average chordwise local &ch nmber 

Reynolds number of w t u g  based on F 

angle of attack, degrees 

effective dmwaah angle, depeee - 
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2Yab  r a t i o  of point dynamic p r e s m e  at the  quarter chord of 
4 the tail mean aerodynamic chord t o  free-stream aynamic 

preasure a t  the tai l  

YCP lateral center of pressure,  percent senclspan 

h t  t a l l  height  relative  to wing chord plane extended., 
percent wing semispan; posit ive  for t a i l  positians 
above chord plane exfxnded 

The t e s t s  were made tn the Langley highrpeed 7- by 10-foot t-1 
by use of an adaptation of the RACA *flow technique for  obtaining 
transonic speeds. The techniQue used  involves t h e  mounting of a model 
i n  the high-velocity flow f i e l d  generated over the curved stmPace of a 
bump located on the tunnel  floor. (See reference 3 . )  

Q-pical contours of loca l  Mach number in the  v i c M t y  of the model 
location on the bump, obtained from surveys with no model in position, 
are shown in  figure 6. It is  seen that there is  a Mach  number variation 
of about 0.05 over the model semispea at the lowest Mach numbers and 
from 0.08 to 0.09 at the hfghest Mach numbers. The chordwise Mach 
number variation is generally less than 0.01. No attempt has been made 
t o  evaluate the effects of the chOrdwi6~1 and s;panwise Mach number 
variation. Note that the long dashed linee sham neaz the  root of the 
wing (fig.  6) represent a local  Mach number that-is 5 percent below the 
maximum value and indicate the extent of the  bump .born- layer. The 
effective test Mach amber was obtained fram contour charts sFmilar t o  
those  presented in figure 6 by use of the relationship 

Similarly, the effective dynamic pressure was determined from Qnam3.c- 
pressure  contour  charta by using  the relation 
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The variation of mean t e s t  Reynolds number with Mach m e r  is 
isham in f i p e  7. The boundmies on the figure  indicate  the range fn 
Reynolds nuniber caused by variations in atmuspheric test  conditions in 
the course of t h e  investigation. -'.:=- 

Force and moment data, effective dawnwash angles, and the ra t io  of 
dynmic  pressure at 25 percent of the me- aero-c chord of the tail 
t o  f r e e d r e a m  dJrllamic pressure at t h e   t a i l  were obtained f o r  the model 
configurations  tested through a Mach  llumber range of 0.60 t o  1.18 and 
an angle-ofettack range of +2O to loo. 

The &-plate tare  ccomectians t o  the drag and t o  the downwash 
data were obtained through the   tes t  Mach m e r  range at an angle of 
attack of Oo by testlng  the model canfigura;tians  without end plates. 
A gap of about 1/16 inch was qaintained between the wing r o o t  chord 
and the bump amface, and a s p a n m i p e r  s e a l  (fig. 5 )  was fastened 
t o  the wing bu t t  beneath the surface of t h e  bump %o minhrLze leakage. 
The end-plate tares  were found t o  be canstant with angle of atta;ck and 
the taxes obtained at  zero m e  of attack were applied to all drag and 
downwash data. Jet4omdax-y  corrections have not been evaluated because 
the boundary candftions t o  be satisfied m e  not rigorously defined. 
Harefer, i n a m c h  a8 the effective flaw f ie ld  is large ccmpred with the 
span ani chord of the model, the  corrections a r e  believed t o  be d. 
BTo.baae pressure  correction has been applied t o  the wing-fiselage drag 
data. 

' By measurements.of t a i l   f l oa t ing  angles without a model tnstalled, 
it was determined that  a t a i l  spacing of 2 inches would produce negli- 
gible interference  effects of reflected shock waves an t h e  tail floatijng 
angles. Downwash angles f o r  the w3ng-alone configuration were therefore 
obtained slmultaneoudy f o r  t h e  middle, highest, and lowe'et tai l  posi- 
tims in m e  series of t es te  and sfmltaneously f o r  the two intermediate 
positions in succeeding rum.. (See fig. 3 . )  Excluding the middle t a u ,  
the same procedure w a s  used t o  determine the effective downwash anglee 
f o r  the wing4uselage Configuration. Ln order t o  obtain downwash data 
f o r  the chord-plane-extended position, a series of t e s t s  were run with 
a free-floating t a i l  mounted on the center line of the fuselage. The 
downwash angles presented. a r e  increments from the   ta i l   f loa t ing  angles 
without a model in poeitian. It should be noted that the float- 
asgles measured m e  i n   r ea l i t y  a measure of the asgle of zero pitching 
moment about the  tail-pivot axis rather than the angle of zero l i f t .  
It has been estimated that, f o r  thi.s tail mrangament, an arbitrary 
downwash gradient as large as 2 O  acrom  the span of the t a? - lwou ld .  
resu l t   in  an error  within the eqe r -n td  accuracy of the masked 
downwash angle. 
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The total-presaure  readings in the t a i l  plane were obtained a t  
constant aagles of attack through the bhch number range  without an end 
plate on the model t o  elFminate end-plate wakes and with the aupport 
strut gap sealed with a, rubber-sponge-type sea l  t o  minFmize any s t ru t  
leakage effects,  The static-pressure values used in computing dynamic- 
pressure  ratioe were obtained by uae of a s t a t i c  probe with no model in 
position. 

A table of the figures presentTng the results follows: 

Figure 
Win-one force data . . . . . . . . . . . . . . . . . . . . .  a 
Winefuselage  force data . . . . . . . . . . . . . . . . . . . .  9 
Effective downwash angles (wing done)  . . . . . . . . . . . . .  10 
Effective downwash (wing fuselage) . . .  : . . . . . . .  ll 
Downwaah gradients . . . . . . . . . . . . . . . . . . . . . . .  12 
Dpamic-pressure m e y e  . . . . .  : . . . . . . . . . . . . . .  1 3  
Etmnazy of aerodynamic c k a c t e r i a t i c s  . . . . . . . . . . . . .  14 
EPfect of aspect  ratio on- minimum drag . . . . . . . . . . . . . .  15 

unless otherwise  noted,  the  discussion is  based on the  sum;narg 
curves  presented in figure 14. The dopea  presented i n   t h i s   f i g m a  have 
been averaged  over a l i f t -coeff ic ient  range of LO.1 of the  specified 
lift coefficient. 

Lift and Drag Characteristics 

The wiqpdone lift-curve  slope measured near zero l i f t  waa 
about 0.059 at R W h  rider of 0.60. This slope compares with a 
value of 0.062 estimated f o r  this Mach mmber using unpublished e&- 

’ span data fo r  a geometrically sirnilax model fr the Langley two- 
dimensional. low-turbulence tunnel (R = 1.5 x 13 t o  6.0 x 106) a8 a 
low-speed point and applying a Compr088ibili”y correction as outlined 
in reference 4. The lift-urve elope is practically  invmiant with 
Mach nlzmber below force break. A t  M = 0.90 the wing-done lift- 
curve slope wae about-0.061 as compmed with 0.066 obtained at t h i s  
8- Mach number for   the  45O sweptback wing of aspect  ratio 4 and taper 
r a t io  0.6. - (See reference 1. ) The addi t im of the fuselage  increased 
the lift-curve slope near zero lift approximately 15 t o  25 percent 
through the test ‘Mach number range. 
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Iphe drag-rise Mach number  a-b z e r o  lift is not  clearly  defined for 
Y the winmom canfiguration, althou& the initial drag-rise would 

appear to occm in the neighborhood of M = 0.90. The dr-iee Mach 
number f o r  the win&fuselage canfiguration was about 0.94. The drag 
data f o r  the 45' sweptback wing of aspect r a t i o  4 published'in 
reference .1 are  not directly comparable with the present  results 
because drag data of reference 1 were not co-ected f o r  end-plate tares. 
Subsequent t o  the  ismance of reference I, however, drag h t a  were 
obtained f o r  the wing of reference 1 by w e  of the eponge-wiper seal 
technique previouely mentioned in this pap&. These data &e presented 
in figure 13 together with a ccmparieon with the wing of aspect r a t i o  6 
of this paper. The -one data (fig.  15) show that the  effect of  
aspect r a t io  is negligible  at  &h numbers  below 1.05. However, at  .a 
Mach number of 1.15, the wing of aspect ratio 6 had a drag value 0.009 
higher  than the wing of aspect r a t i o  4. A sjmilar increase in drag 
with increase in aspect  ratio  at  the  highest Mach numbers was obtained 
f o r  the wing-fuselage configmatian. 

The lateral   center of pressure yCp for the wing alone m a  
located  at about 45 percent of the semispan at Mach numbers f r o m  0.60 
t o  0.95 and at lift coefficients below 0.2. The same yCp was obtained 
at l o w  speeds from the aforementioned Wey t w d i m e n s r i o n a l  low- 
tuk;bulence tunnel  tests of a geometric- similar wing f o r  8 higher 
R e m o l d s  nmiber range (between 3 x lo6 t o  6 X 106) ; however, t a 

. Reynolds number of 1.5 x lo6, yCp was located several percent further 
outboasd. The reEnzlts of the  presant tests show that, between M = 0.95 

remained constant up t o  M = 1.18. The addition of the fuselage. 
shifted ycp inboard about I percent up t o  M = 1.00 but had no effect 
at higher Mach numbers. 

* and 1.00, yCp moved i n b o d  t o  about 42.5 percent of the sdspas and 

Pitchin@bment  (Shasacteristics 

Near zero lfft the win$-aJone aerodynamic canter was located  at 
39 percent mean aerodynamic chord in the Mach number range from 0.60 
t o  0. e. The unpublihed data of the Lmgley t w d i m e m i o n a l  low- 
turbulence tunnel on a geomstrically slmila;r wing indicated. a n  
aerodynamlc-center position of 25 percent mean aerodynamic chord. Ih 
general,  the  position of the w w o n e  aerodynamic center  obtained 
at Mach numbers of about 0.60 in this series of bump Investigations 
has indicated a somfmhat more rc3arward aerodynamic+enter position on 
wings of appreciable sweepback than that obtained from comgarable low- - speed data of the Langley two-dimensianal low-turbulence tunnel. (See 
references 1, 2, 5.)  mis aero-c-center shift may be 
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attributed t o  the low Reynolda  nlzmbers of the bump investigebtiona. A t  
the  hjghest h c h  numbers (1.05 t o  1.18) there is a dis t inc t   f la t  spot 
in   the % curves ne= zero lift (fig.  8) corresponding t o  an 
appreciable forward ahfft in aerodynamic-center location. Similar f l a t  
apot.qwere  evident from the data of reference 1. The additim of the 
fuselage moved the aerodynamic center forward about 8 percent man 
aerodynamic chord at low Mach numbers .- However, f o r  Mach numbers - 

between 1.00 and 1.10 t h e  addition of the Azsela@ increased  the  sta- 
b i l i t y .  The lmge increase in stability contributed by the fuselage 
was associated  with  the delayed  appearance of f lat  spots  in  
the C& curves to a higher Mach number. A t  the  highest Mach  number 
reached, these flat spots appear i n  both se ts  of data. 

. .  . .  

I n  the subsonic  speed range, the wlng-done and winefuselage 
Cm curve8 indicate  appreciable  inatability  aVthe  higher l i f t  coefficients. 
(See figs. 8, 9, and 14. ) This instabil i tg which is characteristic 
of wing@ with.appreciable sweepback occmed at the same % but 
appeared t o  be considerably more pronounced than was shown in the data 
of the w i n g  of aspect r a t i o  4 ( r e fe race  1). A t  the  higher Mach 
numbers this instabil i ty appeared t o  be delayed t o  a much higher lift 
coefficient. Similar effects   a t  Mach numbera above unity were also 
shown in  references l and 2. 

The downwash gradient hepa near zero lift f o r  both the wing- 
alone and wi~fuse lage  configurations  generally was a maximum ne= 
the wing chord plene extended although  the  variation  with t a i l  height 
waa quite emall in the range investigated. (See f ig .  12. ) The 
variation of &pa with Mach  number f o r  ht = 0 and 230 percent wing 
semispan indicated an appreciable  decrease in the downwash gradients 
at the  highest Mach numbers, particularly f o r  the wing-fuselage 
configuration-  (fig. 14) .  

The resulta of point dyneLmic-pressure surveys are presented in  
figure 13 .  There is very L i t t l e  change in wake characteristics  as  the 
Mach  number is increased t o  1-13, and the addition of the  fuselage had 
practically no effect on the dynamic-pressure r a t i o s  through the Mach 
number range. 

Langley Aeronautical Laboratory 
Nat iona l  Advfsory Canrmittee f o r  Aeronautics 

Langley Air Force Base, Va. 
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Wing chord plane 
extended at E= 0" . 

- 

Floating-fail gecmetry 
Area (Twice semispan) 00178 sq ft E 
Aspect ratio 4.0 
Taper ratio 0.60 

P 

!2 
t+ 
u) 
H 
0 
0, 

0 I 2 

Scale , inches 
urllllllll 

' . Figure 3.- Detalla of free-floating f a i h  used h~ surveys behjnd model with 45' mptback X U ,  
aspect ratio 6, taper ratio 0.6, and W A  6ytoo6 a b f o i l  sectlon. 
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Figure 4.- Photograph of a model with 45O sweptback wing, aspect ratio 6,  tapex ra t io  0.6, 
on the bump. ul 
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"- Nominal boundary-layer thickness 

. .  
Flgure 6.-  Qplca l  Mach number cantome over t ransonic bump in region of model location. ul P 

. . . 



.6 .7 .8 . .9 1 .o 1.1 1.2 
Mach number, M 

Flgure .7.- Variation of t e s t  ReynolaS number with Mach number for a model with 45' sweptback wing, 
aspect' ra t io  6, taper rd t io  0.6, and 6511006 a b f o i l  section. 
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Figure 8.- Aerodynamic character 
' taper ra t lo  0.6, 

ci.&ica far a model with 45' meptback wlng, a q e c t  ra t io  6 ,  
d W A  65~006 a l rpo i l  section. W h g  alone. 
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F i w e  U.- Effective dowaraeh eagles'  i n  region of t a i l  plane for a model with 45' Bweptback w i n g ,  2 
aspect  ratio 6, taper r a t i o  0.6, and 6 ~ &  a l r f o i l  section. Wing fuselage. 
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Figure 11.- Concluded.. 
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Figure 12.- Variation of davmrash gradient v i th  tail.  height and Mach number for a doode1 with , 

45O sweptback a, aepeot r a t io  6, taper   ra t io  0.6, and M A  6pOO6 M o i l  section.’ 
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Figure 14.- Sumnmy of aerodynamic characteristics f o r  a model w i t h  45' sweptback wing, 
aflpect r a t io  6, taper  ratio 0.6, and MACA 65~006 airfoil section. 
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Figure 15.- Effect of aspect r a t io  on the minimum drag characteristics 
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45’ aweepback, taper r a t i o  0.6,  and mAcA 63006 a i r f o i l  section. 
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